Abstract In previous studies,when rabbit cortical collecting ducts were studied under standard conditions in vitro,bicarbonate transport was conditioned by the acid-base status in vivo of the animals from which the tubules were obtained.The collecting ducts absorbed bicarbonate if the animals were acidotic(from ammonium chloride administration),but they secreted bicarbonate if the animals were alkalotic (from sodium bicarbonate administration).The purpose of the present studies was to test whether similar conditioning occurs in other nephron segments.In proximal straight tubules neither the sodium-dependent nor the sodium-independent component of bicarbonate absorption was significantly affected by the acid-base status of the animals from which the tubules were obtained.In cortical thick ascending limbs,chloride was absorbed,but there was no net transport of bicarbonate by tubules whether they came from acidotic or alkalotic animals. Since cortical thick ascending limbs were not found to transport bicarbonate,they cannot be implicated in the control of bicarbonate excretion.We conclude that the previously observed conditioning of bicarbonate transport occurs in collecting ducts but not in proximal straight tubules or in cortical thick ascending limbs in the same experimental situation.
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Bicarbonate transport by isolated perfused rabbit cortical collecting ducts is conditioned by the treatment of the rabbits from which the tubules are dissected BURG,1977 a,1978 a,b) .
When rabbits were given ammonium chloride and were acidotic,their cortical collecting ducts absorbed bicarbonate under standard conditions in vitro.In contrast,when the rabbits were given sodium bicarbonate and were alkalotic, their collecting ducts generally secreted bicarbonate under the same standard (Dow Corning)was used to prevent the formation of bubbles in the bath. Total CO2 concentration of plasma from blood obtained at the time the rabbits were killed was measured in a carbon dioxide analyzer(Ericsen Instrument, N.Y.).Also,the pH of urine in the bladder at the time of death was measured. There were three experimental protocols: 1) The rate of bicarbonate absorption in proximal straight tubules was measured by perfusing them at a relatively rapid rate(mean collection rate,6.1nl/min) with 14C-inulin added to the perfusate(New England Nuclear,M.A.)as a volume marker.The concentration of total CO2 and 14C-inulin was measured in alternate samples of collected fluid.Net fluid absorption(Jv)was calculated as (BURG and GREEN,1977; MCKINNEY and BURG,1977b) Where VL is the collection rate of tubular fluid,L is the length of the tubule and C*o and C*L are the radioactivity of 14C-inulin in perfusate and collection fluid, respectively.The radioactivity of 14C was measured with a liquid scintillation spectrometer(Model 3003,Packard Instrument Co.,Inc.,IL).
The rate of total CO2 absorption(JCO2)was calculated as (BURG and GREEN, 1977) Where Co and CL are total CO2 concentration in perfusate and collected fluid.
Under each condition in each tubule at least three samples were analyzed for total CO2 and for radioactivity.
2 3) The thick ascending limbs were perfused at a relatively slow rate,and total CO2 concentration was measured in the collected tubule fluid.Chloride concentration was measured using a modification of the electrometric titration method of RAMSAY et al.(1955) with a Model A-25 microtitrator(WP Instrument,Inc., CT).
Transepithelial voltage was measured as described previously (BURG and GREEN,1973 Previously,when proximal straight tubules were perfused at a slow rate,the total CO2 concentration fell to a mean steady state value of 8mM (MCKINNEY and BURG,1977b) .In the previous studies the rabbits were not specially treated. In the present studies of tubules from rabbits treated with ammonium chloride or sodium bicarbonate,the total CO2 concentration fell to a similar level and there was no significant difference between tubules from the two treatment groups (Table 2 ).In the previous studies of tubules from untreated rabbits(MCKINNEY Table 1 . Bicarbonate transport in vitro by proximal straight tubules from rabbits treated with ammonium chloride or sodium bicarbonate. Table 2 . Total CO2 concentration in fluid collected from proximal straight tubules perfused at a slow rate.
The rabbits from which the tubules were obtained had been treated either with ammonium chloride or sodium bicarbonate. *The bath solution and perfusate either contained"sodium"as usual ,or were sodiumfree("choline").
BICARBONATE TRANSPORT BY RENAL TUBULES
and BURG,1977a),replacement of all of the sodium in the perfusate and bath with another cation such as choline caused the steady state concentration of total CO2 in the collected fluid to increase to a mean value of 22mM.When choline was substituted for sodium in the present studies,there was a similar increase in total CO2 concentration which did not differ significantly between the treatment groups( Table 2) .
Cortical thick ascending limb When cortical thick ascending limbs were perfused at a slow rate,the concentration of chloride in the tubule fluid decreased significantly (Table 3) ,as previously noted by BURG and GREEN(1973) .In contrast,there was no significant change in bicarbonate concentration between perfused and collected fluid.Since the rate of fluid absorption is negligibly small in this tubule segment under these conditions (BURG and GREEN,1973) ,and bicarbonate concentration did not change in the collected fluid,no net bicarbonate transport was indicated.Furthermore, Fig.1 shows the relationship between chloride and bidarbonate concen- Vol.31,No.1,1981 tration in the collected fluid,which also indicates that chloride can be absorbed independently with bicarbonate in rabbit cortical thick ascending limbs.Therefore,as previously inferred from indirect evidence (BURG and GREEN,1973; ROSIN et al.,1970) ,the cortical thick ascending limb absorbed chloride,but not bicarbonate.There was no difference in voltage or in transport of chloride or bicarbonate between tubules from rabbits treated with ammonium chloride and those treated with sodium bicarbonate.
DISCUSSION
Conditioning of transport by renal tubules was emphasized by SMITH(1951) . He proposed that reabsorption of soidum by distal tubules effected fine adjustments upon the small amount of sodium that remained after the bulk of filtered sodium had been reabsorbed by proximal tubules.He believed that the distal reabsorptive capacity was conditioned in part by hormone(i.e.,mineralocorticoids) and that this conditioning contributed to the control of sodium excretion.
Conditioning of bicarbonate transport,as well as sodium transport (IINo and IMAI,1978; SCHWARZ and BURG,1978) ,has been demonstrated to occur in cortical collecting ducts BURG,1977a,1978a,b; BURG and IINo,1979) .When tubules were perfused under standard conditions in vitro, those from rabbits treated with ammonium chloride absorbed bicarbonate,whereas tubules from rabbits treated with sodium bicarbonate secreted bicarbonate.Also, the tubules from ammonium chloride-treated rabbits maintained a higher voltage than those from sodium bicarbonate-treated rabbits.In this case,the hormone involved(if any)is unknown,but the conditioning,like that of sodium transport, involves a"distal"tubule segment.In addition,it was recently shown that parathyroid hormone strongly inhibited bicarbonate absorption by proximal straight tubules (IINo and BURG,1979) .Therefore,in the present studies,we tried to test whether bicarbonate transport by more proximal tubule segments is conditioned in the same manner by the treatment of the rabbits.No evidence for such conditioning of more proximal segments was found in these experiments.Bicarbonate absorption and voltage across proximal straight tubules did not differ significantly whether the rabbits had received ammonium chloride or sodium bicarbonate (Tables 1 and 2 ).Also,there was no evidence of any bicarbonate transport by the cortical thick ascending limb,regardless of the previous treatment of the rabbits (Table 3) .Thus,the conditioning of bicarbonate transport followed the pattern of conditioning of sodium transport postulated by Smith.The conditioning of bicarbonate occurred in a"distal"segment(cortical collecting ducts),but not in the more proximal segments that were tested.
The proximal straight tubules were also tested in sodium-free solutions with choline replacing the sodium (Table 2 ).The reason was as follows:one difference between proximal straight tubules and cortical collecting ducts, with respect to the mechanism of bicarbonate absorption,is that replacement of sodium by choline in the bath and perfusate inhibited bicarbonate absorption in the straight tubules (MCKINNEY and BURG,1977b) ,but not in the collecting ducts (MCKINNEY and BURG,1978a) .The inhibition in the straight proximal tubules was substantial,but not complete (MCKINNEY and BURG,1977b) .Thus,at low flow rates sufficient bicarbonate was transported,even in the absence of sodium,to lower the bicarbonate concentration in the fluid collected from proximal tubules approximately 4mM below the level in the perfusate and bath.Therefore,it was conceivable that the small sodium-independent fraction of bicarbonate absorption in proximal straight tubules might be conditioned in the same manner as the entirely sodium-independent bicarbonate absorption of the collecting tubules. In this case,however,there also was no convincing evidence of conditioning (Table 2) .When sodium was absent,bicarbonate concentration in fluid collected from proximal straight tubules did not differ significantly between rabbits that had been treated with ammonium chloride and rabbits treated with sodium bicarbonate. Note,however,that the results are less compelling in the Na-free experiments compared with the experiments with Na,since the scatter is large compared with the small transport observed.
It is of interest to determine what intrinsic changes occur in the collecting ducts that result in the conditioning.An attractive possibility is that enzyme levels might change.One enzyme to be considered is glucose-6-phosphate dehydrogenase.It is the rate-limiting enzyme in the hexose monophosphate shunt. DIES and LOTSPEICH(1967) proposed,following an earlier suggestion by BRODSKY and CARASQUER(1952) ,that NADPH formed via the hexose monophosphate shunt might provide protons for acidification.Although they accepted the strong evidence favoring carbon dioxide as the source of most of the hydrogen ions secreted,they believed that such evidence did not preclude the existence of an additional secretory mechanism.In support of their theory they found that the level of glucose-6-phosphate dehydrogenase was elevated in the renal cortex of acidotic animals,but not in their livers.Their idea received further support from experiments by NORBY and SCHWARTZ(1978) ,who measured the rate of acidification by turtle urinary bladders.The turtle bladder acidifies its contents in vitro by a process that requires metabolism.Norby and Schwartz examined several different situations in which the rate of acidification was altered and found that the rate of acidification correlated with the rate of glucose metabolism via the hexose monophosphate shunt,but not with the rate of glycolysis. Schwartz et al.(unpublished observation)measured glucose-6-phosphate dehydrogenase activity in isolated cortical collecting ducts and found that it was increased more than three-fold in tubules from rabbits given ammonium chloride compared to those from rabbits receiving sodium bicarbonare.Based on these results,it was plausible that the change in the amount of this enzyme was related to the conditioning of bicarbonate transport in the collecting ducts.The amount Vol.31,No.1,1981 of enzyme also increased in the proximal straight tubule under these conditions , however,and,as we have seen,there is no detectable conditioning of bicarbonate absorption in this segment under the same treatment.In view of the lack of correlation between the glucose-6-phosphate dehydrogenase level and bicarbonate transport in the proximal tubules,the present results do not support the theory that the enzyme is directly involved in bicarbonate transport or its conditioning .
Previous investigators had inferred from clearance (ROSIN et al.,1970) and tubule perfusion (BURG and GREEN,1973 )studies that bicarbonate is not absorbed in the thick ascending limb of Henle's loop.This point is directly confirmed in the present studies in which there was net chloride absorption,but no net bicarbonate transport (Fig.1) .The selective reabsorption of anions in the thick ascending limb is relevant to the over-all renal handling of sodium salts .Increased delivery of sodium chloride to the thick ascending limb results in increased sodium reabsorption by that segment.In contrast,increased delivery of sodium bicarbonate cannot result in increased sodium reabsorption,since the accompanying bicarbonate is not reabsorbed.
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